A Gram-stain-negative, non-motile, facultatively anaerobic, acid-tolerant rod, designated strain DKE6 T , was isolated from an acidic biofilm (pH 2.5) harvested in the pyrite mine Drei Kronen und Ehrt in Germany. The isolate grew optimally at pH 5.5, between 25 and 30 6C and only with casein as the carbon and energy source; although a variety of sugars were tested as growth substrates, none supported growth of the isolate. During casein consumption, strain DKE6 T produced ammonium, which led to an alkalinization of the medium. This is a possible strategy to raise the pH in the direct vicinity of the cell and hence modulate the pH towards the growth optimum. The predominant fatty acids (.5 %) were iso-C 11 : 0 3-OH, iso-C 15 : 0 , iso-C 17 : 0 and iso-C 17 : 1 v9c. The DNA G+C content was 66.6 %. Strain DKE6 T was not able to oxidize iron or thiosulfate. Iron reduction was detected. The isolate showed 93.3 % 16S rRNA gene sequence similarity to the most closely related cultivable strain, Dokdonella koreensis DS-123 T , but ,93.2 % sequence similarity with other type strains of closely related type species of the Gammaproteobacteria. On the basis of physiological and biochemical data, the isolate is considered to represent a novel species of a new genus in the class Gammaproteobacteria, for which we propose the name Metallibacterium scheffleri gen. nov., sp. nov. The type strain of the type species is DKE6 T (5DSM 24874 T 5JCM 17596 T ).
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In this manuscript, a novel acid-tolerant, facultatively anaerobic, iron-reducing isolate, designated DKE6 T , is described. Other publications mention isolates that are related to the here-characterized strain but detailed taxonomic or phylogenetic descriptions of these are lacking. Strain WJ2 was isolated by Hallberg & Johnson (2003) from a passive remediation system in the former Wheal Jane tin mine near Truro, UK. This strain was described to be a moderately acidophilic (growth at pH 3-5), heterotrophic iron oxidizer (Hallberg & Johnson, 2003) . Strain WJ2 was furthermore able to reduce ferric iron (Coupland & Johnson, 2008) . Another closely related strain YE3-D1-10-CH was isolated by Lu et al. (2010) from an acidic lignite mine lake near Lauchhammer, Lusatia, Germany. This strain also showed iron oxidation and reduction abilities (Lu et al., 2010) . No further data concerning these closely related isolates are available. Furthermore, these strains are not available in public culture collections. The most closely related and characterized strain is Dokdonella koreensis T . This organism is a soil bacterium that could be differentiated from strain DKE6
T by multitude of taxonomic parameters, which is the reason for the description here of strain DKE6
T as a member of a new genus.
Strain DKE6
T was isolated from an acidic biofilm found in the pyrite mine Drei Kronen und Ehrt in the Harz Mountains, Germany. The geology of the mine and the microbial community of such biofilms have been described before (Ziegler et al., 2009) . The biofilm was homogenized and diluted with 0.1 M H 2 SO 4 . The dilution series were plated on double-layer plates, as described by Johnson & McGinness (1991) . The Acidiphilium strain JG309, isolated from the same mine, was used for the bottom layer. Plates were solidified with 0.7 % agarose and the pH was adjusted to pH 2.5 and the plates were incubated at room temperature. It was not possible to cultivate the isolate in liquid basal salt/TSB medium. Hence, the medium was modified as follows (l (DSMZ medium 792) . All components were autoclaved and subsequently supplemented with 10 ml filter-sterilized vitamin solution (DSMZ medium 141). In later experiments, the modified medium was buffered with 15 mM McIlvaine buffer (McIlvaine, 1921) . This buffer system can be used to adjust media pH values from pH 2.2 to 8 using a combination of Na 2 HPO 4 and citric acid. The isolate was grown at 30 uC and pH 5.5 and was preserved with 30 % glycerol in liquid nitrogen.
For phenotypic tests, bacteria were incubated in 100 ml Erlenmeyer flasks. Growth at 4, 20, 25, 30 and 37 u C was tested. Growth at pH 1.5-8 (at intervals of 0.5 pH units) was tested with the pH of the medium adjusted using McIlvaine buffers. Utilization of the following carbon sources (final concentration 0.2 %) was tested in medium devoid of casein: D-mannose, glucose, citrate, L-arabinose, D-malate, maltose, sucrose and acetate. Catalase, nitrate reduction and starch hydrolysis assays were carried out as described by Lányí (1987) . Starch consumption was tested using modified basal medium with 0.7 % agar and 1 % starch, using the double-layer technique. Strain DKE6
T was plated and after 3 weeks of incubation the plates were flooded with Lugol's solution. Nitrate reduction was tested with 10 mM KNO 3 aerobically and anaerobically. Growth under anaerobic conditions was also tested without an electron acceptor (test for fermentative growth) and with ferric iron (5 mM ferric nitrilotriacetate) as the electron acceptor. For iron oxidation experiments, the isolate was grown at pH 3 (unbuffered) aerobically with 5 mM ferrous iron sulfate, while abiotic iron oxidation was assessed using uninoculated media. Growth with iron was measured by determination of protein content using the Bradford assay after 5 min boiling in 0.2 M NaOH (Bradford, 1976) . Possible ferrous iron oxidation/production was measured with the ferrozine assay (Stookey, 1970) . The isolate was furthermore assayed for thiosulfate oxidation using McIlvaine-buffered medium (pH 5.5) with 5 mM sodium thiosulfate. Thiosulfate oxidation was measured via sulfate quantification using the barium chloride assay as described by Kolmert et al. (2000) . Growth with 0, 0.5, 1, 2, 3, 4 and 5 % NaCl was tested.
16S rRNA gene sequences were determined by colony PCR using general bacterial primers (27 F, GAGTTTGA-TCCTGGCTCA; 1525 R, AGAAAGGAGGTGATCCAG-CC) (Rainey et al., 1992) . Identification of 16S rRNA gene sequences and similarity comparisons were performed using the Ribosomal Database Project (http://rdp.cme.msu. edu) and the BLAST program of the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm. nih.gov). Phylogenetic trees were created with the neighbour-joining and the maximum-likelihood methods (Anisimova & Gascuel, 2006; Castresana, 2000; Chevenet et al., 2006; Dereeper et al., 2008; Edgar, 2004 , Elias & Lagergren, 2007 Felsenstein, 1989; Guindon et al., 2010) . Alignments were conducted using MUSCLE, the number of bootstrap resamplings was 1000 and distances were computed using the formula of Jukes & Cantor (1969) as the substitution model.
For TEM, strain DKE6
T was grown in liquid medium and fixed directly in 2.5 % glutaraldehyde. Cells were washed twice in Kellenberger buffer and were stored in this buffer at 4 u C (Kellenberger et al., 1958) . After being fixed, cells were washed again and applied to 200-mesh Formvarcoated copper grids. Negative staining was performed with 0.5 % phosphotungstic acid (pH 2.7). In addition, 5 ml unfixed freshly grown cells were added to a grid coated with a Formvar supporting film for 5 min. Excess solution was soaked with filter paper and the grid was negatively stained with 0.5 % phosphotungstic acid (pH 2.7). Thereafter, cells were visualized under a Philipps/FEI CM10 (80,000 V) electron microscope equipped with a Bioscan camera. Images were processed with the Digital Micrograph software (Gatan).
For determination of DNA G+C content, cells were disrupted using a French pressure cell. The DNA was purified on hydroxyapatite according to the procedure of Cashion et al. (1977) and hydrolysed with P1 nuclease. The nucleotides were dephosphorylated with bovine alkaline phosphatase (Mesbah et al., 1989) . The resulting deoxyribonucleosides were analysed by HPLC (LC-20AD; Shimadzu). DNA of phage lambda (Sigma) and Bacillus subtilis DSM 402, Xanthomonas campestris DSM 3586 T and Streptomyces violaceoruber DSM 40783), for which genome sequences have been published, were used for calibration. DNA G+C content was calculated from the ratio of deoxyguanosine to deoxythymidine according to the method of Mesbah et al. (1989) .
For fatty acid analysis, cells were grown in a 1 l Biostat A plus fermenter (Sartorius Stedim Biotech, Germany). This apparatus allowed keeping the media pH constant throughout the growth experiment; H 2 SO 4 was used for titration. Modified basal medium containing 15 mM McIlvaine buffer was used at pH 5.5 and 30 u C (optimal growth conditions). Cells were harvested in their exponential growth phase (OD 0.18) and directly frozen in liquid nitrogen. After lyophilization, the cellular fatty acids of strain DKE6
T were analysed by GC using an Agilent 6850 chromatograph with the Sherlock Microbial Identification System version 6.1 and the library TSBA40 version 4.10 (MIDI).
The dominant cytochrome types were identified in cells grown to exponential growth phase by determining the difference spectra with a Thermo Scientific BioMate 6 split beam UV/visible spectrophotometer in 1 cm light path quartz cuvettes. Cell-free membrane suspensions were obtained by adding 0.3 % (w/v) of the non-ionic detergent N,N-dimethyldodecylamine-N-oxide (to concentrate cell suspensions, as outlined by Spring et al., 2009) . The cytochrome c oxidase activity of whole cells blotted on a piece of filter paper was determined by the oxidation of N,N,N9,N9-tetramethyl-p-phenylenediaminedihydrochloride (TMPD), which results in the formation of a blue stain.
Polar lipids and respiratory lipoquinones were extracted from biomass grown aerobically in Erlenmeyer flasks at pH 5.5 and 30 u C in a rotary shaker and harvested in the exponential growth phase. The respiratory lipoquinones and polar lipids were extracted according to the two-stage method of Tindall (1990a Tindall ( , 1990b . Polar lipids were analysed by two-dimensional TLC (Tindall, 1990a (Tindall, , 1990b . Total lipids were stained with 5 % molybdophosphoric acid, followed by heating and specific functional groups detected using appropriate specific spray reagents (Tindall et al., 2007) . Respiratory lipoquinones were separated into their function classes by TLC and then analysed by reversed-phase HPLC as described by Tindall (1990a Tindall ( , 1990b .
The isolate was Gram-negative and formed yellowish colonies on double-layer agar plates after 2 weeks of incubation. Cells did not grow on single-layer plates. In liquid media, optimal growth occurred at 25-30 u C and pH 5.5. So far, only casein peptone has been elucidated as a sole carbon and energy source. Casein consumption led to the production of NH 4 + and a subsequent alkalinization of the medium. Hence, the cells may be able to build a very slightly acidic micro-niche even in an environmental setting with an overall pH ¡2.5. Still, the isolate was able to grow at a wide pH range (pH 2-6.5) and therefore could be classified as an acid-tolerant organism (optimum pH .5) (Johnson, 2012) . Strain DKE6
T was chemoheterotrophic and facultatively anaerobic. Under anoxic conditions, weak growth and low ferric iron reduction were detectable. Iron oxidation during bacterial growth was not observed at a level higher than abiotic oxidation. The isolate was not able to oxidize thiosulfate. The biochemical and physiological characteristics of the isolate are summarized in Table 1 .
The DNA G+C content of strain DKE6
T was 66.6 mol% and the major fatty acids (.5 %) were iso-C 11 : 0 3-OH, iso-C 15 : 0 , iso-C 17 : 0 and iso-C 17 : 1 v9c (Table S1 , available in IJSEM Online). As polar lipids, aminophospholipid, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, two aminolipids, two putative glycolipids (staining weakly for sugars) and an unknown phospholipid were detected (Fig. S1 ). Ubiquinone-8 (Q8) was the only respiratory lipoquinone detected. The cytochrome spectrum was determined to gain additional information about the metabolic type of the isolate. Ascorbate-reduced versus air-oxidized spectral analyses of cell-free membrane suspensions of strain DKE6
T revealed c, b and a peaks at 417, 521 and 552 nm, respectively, suggesting the presence of a c-type cytochrome. Minor amounts of a-and b-type cytochromes seem to be expressed but signal intensity was too low to allow a detailed characterization. The isolate was oxidase-positive but the reaction with TMPD was weak. The difference spectra with cyanide-coupled inhibition of the terminal oxidase revealed peaks at 445 and 595 nm in addition to a major cytochrome c peak at 553 nm. This suggests the involvement of an aa 3 -or caa 3 -type oxidase in the respiratory chain. The detection of small amounts of a cytochrome b might originate from a bc 1 complex or a cbb 3 -type oxidase. The catalase test was positive but gave a signal so weak it was close to the detection limit.
Light microscopy revealed rod-like cell shapes and the bacteria were often found growing as diplobacilli. The bacteria were non-motile but, via TEM, filament-like structures were observed (Fig. 1) . Cells were 1.3-2.6 mm in length and about 0.4-0.6 mm in width. After direct isolation on plates, cells were filamentous but they lost this shape after inoculation in liquid media (Fig. 1) . Cells often formed aggregates during growth.
The phylogenetic classification was based on the 16S rRNA gene sequence of strain DKE6 T (Fig. 2) . The isolate showed ,94 % sequence similarity to known cultivated organisms. For example, the isolate and the type strains of the type species Dokdonella koreensis (strain DS-123 None of the strains included in the phylogenetic analysis were isolated from acidic environments, nor do they show similar physiological or chemotaxonomic characteristics. Therefore, on the basis of phenotypic, chemotaxonomic and phylogenetic analysis, strain DKE6
T should be classified as a member of a novel species in a new genus, for which the name Metallibacterium scheffleri gen. nov., sp. nov. is proposed.
Description of Metallibacterium gen. nov.
Metallibacterium (Me.tal.li.bac.te9ri.um. L. neut. n. metallum mine; L. neut. n. bacterium small rod; N.L. neut. n. Metallibacterium a rod from a mine).
Cells are Gram-negative, non-spore-forming, facultatively anaerobic rods that are non-motile and chemoheterotrophic having a respiratory type of metabolism. Cells were isolated from an acidic environment but grow in a wide pH range (optimum, pH 5.5) and are therefore acid tolerant. The major fatty acids are iso-C 11 : 0 3-OH, iso-C 15 : 0 , iso-C 17 : 0 and iso-C 17 : 1 v9c. The polar lipids are aminophospholipid, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, two aminolipids, two putative glycolipids (staining weakly for sugars) and an unknown phospholipid. The ubiquinone is Q8. The type species is Metallibacterium scheffleri.
Description of Metallibacterium scheffleri sp. nov. Metallibacterium scheffleri (schef9fler.i. N.L. gen. masc. n. scheffleri of Scheffler, named in honour of the geologist Horst Scheffler and in recognition of his work on mine geology and commitment to our work).
In addition to the properties given in the genus description, yellowish colonies appear on double-layer plates after 2 weeks. Cells occur often as diplobacilli and form aggregates in liquid medium. Cells are 1.3-2.6 mm long and 0.4-0.6 mm wide. Grows at pH 2-6.5. Grows optimally at pH 5.5 and at 25-30 u C. Does not grow at 37 or 4 u C. Grows with up to 1 % (w/v) NaCl. Utilizes casein as a carbon and energy source and produces ammonium, but does not utilize D-mannose, glucose, citrate, Larabinose, D-malate, maltose, sucrose, acetate or starch.
Reduces ferric iron, but does not oxidize iron or thiosulfate. The predominant cytochrome is cytochrome c. Oxidase and catalase activities are weak.
The type strain, DKE6
T (5DSM 24874 T 5JCM 17596 T ), was isolated from an acidic biofilm (pH 2.5) in a pyrite mine. The DNA G+C content of the type strain is 66.6 %. 
